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@ Small manufacturable array lattice layers. 

(§?) An electronic device operating in the micro- 
wave frequency range has components dis- 
posed in a plurality of planes (44 - 60), wherein 
the planes (44 - 60) are stacked vertically. The 
electronic device is a T/R module or element 
(62) forming a part of a subarray used in an 
active array radar. The T/R module or element 
(62) comprises a transmit chip, a receive chip, 
low noise amplifiers, a phase shifter, an at- 
tenuator, switches, DC power supply, intercon- 
nects that interconnect the foregoing 
components and logic circuits to control the 
foregoing components. The components when 
stacked in a 3-D package are disposed behind a 
radiator (44) or antenna, which transmits and 
receives the microwave signals. Behind the T/R 
module or element (62) is a manifold which 
provides input and output to and from the T/R 
module or element (62). TTie microwave chips of 
the T/R module are monolithic microwave inte- 
grated circuit chips and control logic, which are 
disposed in an aluminum nitride substrate and 
coated with a conformai hermetic coating. The 
3-D chip package can optionally include micro- 
wave channel (58) cooling by adding additional 
layers (48). The integrated circuits also employ 
a flip design for mounting to the wafers. 
Optional photonic interconnects could be used 
for communication between levels in the 3-D 
package and can be used between subarrays as 
a manifold (Fig. 2). 
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BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to electronics pack- 
aging technology. More specifically, the present in- 
vention relates to a three-dimensional ("3-D") multi- 
chip package that operates in the microwave frequen- 
cy range. 

Description of the Related Art 

One common application for microwave signals 
was in the field of radar. In earlier radars, the antenna 
was in the form of a dish, which was mechanically ro- 
tated to perform the scanning function. An exciter 
generated an RF microwave signal which was trans- 
mitted through a travelling wave tube, where the RF 
signal was then amplified to a high level signal and fi- 
nally radiated out through the mechanical antenna. 
Rotating the antenna effectively pointed the signal in 
various directions in the sweeping mode. 

The next generation of radars employed phase 
shifters, no longer relying on the use of a mechanical 
antenna that needed to be physically rotated in order 
to sweep an area. In this design, a fixed antenna array 
was used, and the phase shifter changed the beam 
direction by shifting the phase of the RF energy. Ac- 
cordingly, the device electronically steered the beam 
out of the antenna array. 

In the next generation of radar, a concept called 
an active array transformed the formerly passive 
fixed antenna into an active radiating mechanism. In 
such a radar, a plurality of transmit and receive mod- 
ules ("T/R module or element") sometimes were ar- 
ranged on a stick or similar configuration. Each T/R 
module or element was in fact a transmitter and a re- 
ceiver for the radar all in one. Usually, the T/R module 
or element included a transmit chip, a receiver chip, 
a low noise amplifier, a phase shifter, an attenuator, 
switches, electrical interconnects to connect the com- 
ponents, and logic circuits that controlled the compo- 
nents. 

Ail of the components were disposed on a single 
substrate in a package which comprised the T/R mod- 
ule or element, which itself was positioned behind a 
radiator. The radiators and corresponding T/R mod- 
ules or elements were deployed in a grid. As is known 
in the art, the microwave signal was emitted and re- 
ceived through the radiators. Behind the T/R modules 
or elements was a manifold, which provided input and 
output of the RF signal to and from the T/R modules 
or elements. Behind the manifold was where the re- 
ceived RF signals were summed, mixed in a receiver, 
then digitized and supplied to data and signal proces- 
sors, from which eventually target information was 
derived. 

Using a stick or similar configuration to assemble 



and package the T/R modules or elements, which 
comprised an active array, was very expensive. Also, 
the stick weighed several hundred pounds. Further, 
the bulk of the active array was often twelve inches 

5 or more in depth. Hence, the conventional active ar- 
ray did not have a low profile and accordingly could 
not be integrated easily into the skin of an aircraft, a 
missile, or spacecraft, for example, where space lim- 
itations are often critical. Even aboard ships, the mo- 

10 ment of inertia of a heavy antenna on a tall mast sup- 
port must be avoided. Consequently, there is pre- 
sently a need for a more compact subarray that is 
easily adaptable to cramped environments such as in 
a missile, tactical aircraft, spacecraft or ground and 

15 ship based radar. There is also a need to reduce the 
cost of manufacturing active arrays. 

SUMMARY OF THE INVENTION 

20 Therefore, in view of the foregoing, it is an object 
of the present invention to provide an active subarray 
that is highly compact, can be assembled as subarray 
tiles into a large antenna array and is not bulky. It is 
another object of the present invention to save space 

25 by arranging the electronic (and photonic) compo- 
nents in 3-D package. Other objects of the present in- 
vention include providing a subarray that can be man- 
ufactured in a cost effective manner, has high yield 
during production, is flexible in mounting and assem- 

30 bling into large arrays and exhibits high operating re- 
liability. It is yet another object of the present inven- 
tion to provide a subarray that can be assembled us- 
ing automated processes. 

To achieve the foregoing objects, the present in- 

35 vention provides one or more T/R modules or ele- 
ments constructed from electronic components dis- 
posed in two or more planes stacked vertically, 
wherein the T/R module or element operates in the 
microwave frequency range. Each plane is preferably 

40 an aluminum nitride wafer. In a preferred embodi- 
ment, the present invention provides a T/R module or 
element having a transmit chip, a receive chip, a low 
noise amplifier, a phase shifter, an attenuator, 
switches, interconnects, and logic circuits. The fore- 

45 going electronic components are disposed in a plur- 
ality of planes or wafers which are stacked vertically. 
When stacked as in the present invention, the pack- 
aging housing and other related structures are elim- 
inated thereby saving space, weight and costs. By 

50 comparison, conventional T/R modules or elements 
are arranged in a horizontal plane within a module 
package. Each package includes a housing with as- 
sociated hardware, which can aggregate when as- 
sembled with other T/R modules or elements to result 

55 in a very bulky structure. 

In the preferred embodiment, the present inven- 
tion provides that each of the foregoing electronics be 
embodied in a Microwave Monolithic Integrated Cir- 
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cuit (MMIC) flip chip configuration and also several 
T/R circuits that form a subarray that consists of one 
or more T/R circuits and that is made up of the com- 
ponents that were previously assembled into one or 
more packaged T/R modules or elements. The chips 
are positioned on a wafer or substrate made from a 
material such as aluminum nitride. It is preferable to 
use a flip chip to bring the connections from the sub- 
strate to the chip and for better heat transfer from the 
chip to the heat sinks, located in the substrate, as is 
known in the art Furthermore, the MMIC chip, after 
being located in the substrate wherein a groove is 
generated to receive the chip, a conformal hermetic 
coating is disposed over the chip to provide a protec- 
tive sealant against water or other liquids. In fact, the 
chip conformal coating replaces the typical T/R mod- 
ule or element metal wall package, thereby reducing 
the size and weight of the module even further, while 
retaining hermetic protection. 

Furthermore, the preferred embodiment T/R 
module or element can be cooled by a wafer contain- 
ing micro channels carrying a liquid coolant. Option- 
ally, either RF or photonic interconnects can be used 
to interconnect the components between the various 
planes of the 3-D package and to and from the sub- 
array to the rest of the radar. Thus, the manifold to and 
from a number of subarray could be either RF, digital, 
or photonic. As is known in the art, the photonic (op- 
toelectronic or OE) interconnects communicate sig- 
nals through use of lasers and photodiode detectors 
that allow transmission of electronic signals through 
fiber optic cables. 

In sum, the present invention 3-D packaging of 
one or more T/R modules or elements operating in the 
microwave range yields a compact and lightweight 
device. The device also has fewer parts, thereby sav- 
ing manufacturing steps and in turn resulting in lower 
manufacturing costs. Because disposing the T/R 
module or element into multiple layers eliminates in- 
terconnects and other redundant hardware, the over- 
all weight and the cost of the device are minimized. 
Quality assurance is also made easier due to fewer 
parts. For comparison, through applicants' experi- 
mental observations, the weight of a 2,000 element 
array using the present invention technology is esti- 
mated to be about 40 pounds. On the other hand, a 
conventional array using planar T/R modules or ele- 
ments arranged on sticks having 2,000 channels 
weighs about several hundred pounds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing the electron- 
ic components of the present invention stacked sub- 
array. 

Figure 2 is a perspective view of a preferred em- 
bodiment stacked subarray. 



DESCRIPTION OF THE INVENTION 

In the following description, for purposes of ex- 
planation and not limitation, specific numbers, di- 

5 mensions, materials, etc., are set forth in order to pro- 
vide a thorough understanding of the present inven- 
tion. It is apparent to one skilled in the art, however, 
that the present invention may be practiced in other 
embodiments that depart from the specific embodi- 

10 ments detailed below. 

Figure 1 provides a block diagram of a radar sys- 
tem incorporating a T/R circuit or a subarray element 
42 in accordance with a preferred embodiment of the 
present invention. The radar system of Figure 1 in- 

15 eludes the array units consisting of an exciter 10 to 
generate a microwave carrier frequency for a trans- 
mitter 12. The transmitter 12 modulates the carrier 
signal with intelligence and feeds the modulated car- 
rier to an RF distribution manifold 14, which directs 

20 the microwave energy into the subarray element 42. 
Specifically, the microwave signal is conveyed to a 
beam steering means 18. The beam steering means 
18 is embodied in a phase shifter which, as is known 
in the art, changes the relative phases of the micro- 

25 wave signal respectively radiated or received by the 
antenna elements, which accordingly controls the di- 
rection of the antenna beam direction. The phase 
shifted microwave signal is then directed to a transmit 
amplifier 22, which comprises a high power transmit 

30 FET amplifier. Once the microwave signal is ampli- 
fied, it is radiated through a mechanically fixed radi- 
ator or antenna 28, and propagated toward the target 
30. 

Thereafter, the beamed energy is reflected from 

35 the target 30 and is detected by the antenna 28. The 
relatively weak energy received by the antenna 28 is 
amplified by a low noise FET amplifier 24. To use the 
same antenna 28 for both transmission and recep- 
tion, a switch 26 is provided to toggle the circuit be- 

40 tween transmission and reception. After the reflected 
microwave signal is amplified, it is directed to the 
beamed steering means 18. Again, another switch 20 
selectively actuates the transmit amp 22 or the re- 
ceived amp 24 depending upon transmission or re- 

45 ception of the beamed signal. In the beamed steering 
means 18, the relative phases of the energy received 
from the antenna 28 is controlled to define the re- 
ceived beam direction of the antenna. The signal is 
then passed to the RF distribution manifold again, 

50 which directs the signal to a receiver 32. Next, the sig- 
nal is passed to a radar signal processor 34 and a ra- 
dar data processor 36 before being displayed on a 
monitor 38. 

A switch 16 selectively chooses between the 
55 transmit circuit and the receive circuit. This switch 1 6 
is controlled and coordinated, as are switches 20 and 
26, by a means for controlling 40, which in a preferred 
embodiment could be logic circuits, a microprocessor 



4/27/2007, EAST Version: 2.1.0.14 



5 



EP0 620 613 A2 



6 



or similar device known in the art 

The subarray element 42 of Figure 1 is preferably 
connected with other subarray elements 42, shown 
by the phantom line boxes. The subarray elements 42 
thus operate collectively as a unitary radar device. 5 

Unique to the present invention is that the subar- 
ray element 42 shown in Figure 1 is arranged such 
that its electronic components are disposed among a 
plurality of planes that are stacked in a single column. 
The entire stacked chip package operates in the mi- 10 
crowave frequency spectrum, except for the digital 
control circuits. By virtue of the vertically stacked 
planes, the signals among the electrical devices are 
passed vertically through the planes. 

Figure 2 provides a perspective view of a single 15 
subarray element 62 constructed in accordance with 
a preferred embodiment of the present invention, 
parts of which are shown schematically in Figure 1. 
The subarray element 62 is preferably disposed on 
substrates made from aluminum nitride wafers. Of 20 
course, generic silicon wafers are also acceptable. 
The total subarray assembly of wafers, by virtue of 
their appearance, is often called a tile. 

Importantly, these tiles can be assembled side- 
by-side into any size, two-dimensional array. Figure 25 
2 shows only a single tile, for the sake of clarity. The 
number of tiles that are assembled together can be 
adjusted to fit an antenna array for a missile, tactical 
aircraft, spacecraft or ground- and ship-based radar. 
Because the tiles are lightweight and have a low pro- 30 
file, they can easily be integrated into the skins of an 
aircraft or missile. 

Therefore, Figure 2 is the structural embodiment 
of parts of the electronics shown in the block diagram 
of Figure 1 , wherein the devices are disposed in a 35 
plurality of stacked planes or wafers. In the preferred 
embodiment, the laser transmitter 12 and the photo- 
diode detector receiver flip chips 32 are disposed on 
plane 60. The signal is fed vertically to plane 56 con- 
taining the logic circuits or means for controlling 40. 40 
The next layer up on plane 52 contains the RF distrib- 
ution manifold 14. Directly above plane 52 is plane 50 
comprising the high power transmit amplifier 22 and 
the low noise receive amplifier 24. Immediately adja- 
cent to plane 50 is plane 48 comprising a cold plate. 45 
A cold plate is needed to dissipate the heat build up 
generated from microwave transmission. To further 
conduct away heat, the cold plate includes cooling 
channels, whose manifolds 58 are shown in the draw- 
ing. Coolant is cycled through the manifolds to cool 50 
the subarray 62 through any process known in the art. 
Above the cold plate 48 is the ground plane 46, which 
forms a part of the radiator. Finally, above the ground 
plane is the radiator or antenna 44. 

Of course, the devices described above can be 55 
rearranged and located on other planes aside from 
that shown. Also, the devices employed in the present 
invention including, for example, the receiver, trans- 



mitter, etc. are all known in the art and need not be 
specially modified or adapted for use in the present 
invention. In sum, the same technology used in man- 
ufacturing large batches of electrical substrates can 
be likewise used to fabricate the radiators, the distrib- 
ution manifolds for the RF, DC and logic signals, and 
even the cooling manifold. Vertically disposed electri- 
cal interconnects between tiles of different planes 
can be achieved using conventional vias or coplanar 
microwave microbridges, or like technology known in 
the art. In fact, photodiodes and fiber optic cables can 
be incorporated into the tile stack to provide optical 
communication between planes and can provide in- 
puts and outputs to the subarray tiles. 

Furthermore, the devices such as the low noise 
amplifiers can be embodied in galium arsenic circuits 
that also incorporate flip chip designs. That is, the 
chip is flipped when mounted to the interconnects. 
The chips are simultaneously electrically connected 
to the substrate by ref lowing the sodder bumps that 
are disposed on top of the flip chip, and that are next 
to the wafer after the chip is flipped. 

The aluminum nitride wafer was selected be- 
cause of its superior heat conduction capabilities due 
to the presence of the aluminum, but it is also a good 
insulator because of its other characteristics that 
make up its ceramic material structure. Further, the 
chip is preferably an MMIC Chip, known in the art 

Because the device chips are exposed on each 
wafer, the present invention employs hermetic seal- 
ing by use of a conformal coating process. Because 
the conventional box or packaging containing the 
electronics has been eliminated in the present inven- 
tion, the MMIC Chips are embedded in holes or de- 
pressions provided in the substrate. A coating of poly- 
mer is then spread over the MMIC Chip to protect it 
from the environment, thus replacing the box. 

As mentioned above, the present invention may 
use lasers and vertical RF interconnectors or, option- 
ally, use photonic interconnects. For photonic inter- 
connects, accordingly, photodiodes (fiberoptic links) 
convey optical signals through fiber optic cables to 
transmit data from one plane to another and/or to and 
from the entire tile or subarray. Hence, the fiberoptic 
cables run vertically between planes or into and out 
of a plane to the outside. The RF modulated light 
beam when received by another photodiode in an- 
other plane is demodulated back to an electrical sig- 
nal. This process is known in the art and is easily 
adaptable to the present invention's stacked tiles. 



Claims 

1. A subarray in an active array used for transmis- 
sion and reception of a microwave RF signal, said 
microwave signal being generated in an exciter 
(10), said subarray (42; 62) comprising: 
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- a manifold (14; 58) to convey the micro- 
wave signal from the exciter (10); 

- beam steering means (18), for steering the 
microwave signal received from the mani- 
fold (14; 58); 

- a transmit amplifier (22) connected to the 
beam steering means (18), for amplifying 
the microwave signal prior to transmission; 

- an antenna (28; 44) connected to the trans- 
mit amplifier (22), for propagating the mi- 
crowave signal toward a target (30) and for 
receiving a reflected microwave signal re- 
flected from the target (30); and 

- a receive amplifier (24), for amplifying the 
reflected microwave signal from the anten- 
na (18; 44); and 

- wherein the receive amplifier (24) directs 
the reflected microwave signal to the beam 
steering means (18), which then transmits 
the reflected microwave signal to the mani- 
fold (14; 58), which then transmits the re- 
flected microwave signal to a receiving 
means (32 - 38), for interpreting and output- 
ting the reflected microwave signal, 

characterized in that the antenna (28; 44), the 
transmit amplifier (22), the receive amplifier (24), 
the beam steering means (18), and the manifold 
(14; 58) are disposed on a plurality of planes (44 
- 60) aligned in a column. 

2. The subarray of claim 1 , characterized in that the 
subarray (42; 62) further comprises a switch (26), 
disposed on the plurality of planes (44 - 60), for 
alternately activating the transmit amplifier (22) 
and the receive amplifier (24). 

3. The subarray of clai m 1 or 2, characterized in that 
the steering means (18) further comprises a 
phase shifter disposed on the plurality of planes 
(44 - 60). 

4. The subarray of any of claims 1 - 3, characterized 
in that the subarray (42; 62) further comprises a 
controller (40), disposed on the plurality of planes 
(44 - 60), for controlling the subarray (42; 62). 

5. Thesubarray of anyofclaims 1-4, characterized 
in that the receiving means (32 - 38) further com- 
prises a summer for summing the reflected micro- 
wave signal, a receiver (32), and a signal proces- 
sor (34) to interpret the reflected microwave sig- 
nals, wherein the summer, the receive (32), and 
the signal processor (34) are disposed on the 
plurality of planes (44 - 60). 

6. The subarray of any of claims 1-5, characterized 
in that the transmit amplifier (22) comprises a 
high power transmit amplifier and/or the receive 



amplifier (24) comprises a low noise amplifier. 

7. The subarray of any of claims 1-6, characterized 
in that the subarray (42; 62) further comprises 

5 photonic interconnects, interconnecting at least 

two of the plurality of planes (44 - 60). 

8. A subarray in an active array used for transmis- 
sion and reception of a microwave signal, said 

10 subarray (42; 62) comprising: 

- means (28; 44) for transmitting said micro- 
wave signal; 

- means (28; 44) for receiving said micro- 
wave signal; 

15 - means (24) for amplifying said microwave 

signal from said means (28; 44) for receiv- 
ing; 

- means (18) for phase shifting said micro- 
wave signal from said means (24) for ampli- 

20 fying; 

- means for attenuating said microwave sig- 
nal from said means (18) for shifting; 

- means (1 6, 20, 26) for switching said means 
for transmitting, receiving, amplifying, 

25 phase shifting, and attenuating; and 

- means (40) for controlling said means (16- 
26) for transmitting, receiving, amplifying, 
phase shifting, attenuating and switching, 

characterized in that said means (16 - 26, 40) for 
30 transmitting, receiving, amplifying, phase shift- 
ing, attenuating, switching and controlling are 
disposed on a plurality of planes (44 - 60) stacked 
vertically. 



35 



40 



45 



50 



55 



9. The subarray of claim 8, characterized in that in- 
put and output of said microwave signal are pro- 
vided by a photonic interconnect, connected to 
said means for switching. 

10. The subarray of claim 8 or 9, characterized in that 
at least one of said means (16 - 26, 40) for trans- 
mitting, receiving, amplifying, phase shifting, at- 
tenuating, switching and controlling includes a 
monolithic microwave integrated circuit flip chip. 

11. The subarray of claim 10, characterized in that 
said monolithic microwave integrated circuit flip 
chip is coated with a conformal hermetic coating. 

12. Thesubarryof anyofclaims 1 - 11, characterized 
in that said planes (44 - 60) further include micro- 
channels (58) for cooling. 

13. The subarray of any of claims 1 - 12, character- 
ized in that at least one of said planes (44 - 60) is 
an aluminum nitride wafer. 

14. The subarray of any of claims 8-13, character- 
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ized by: 

- said means (28; 44) for transmitting said 
microwave signal are disposed on a first 
plane (44); 

- said means (28; 44) for receiving said mi- 5 
, crowave signal are disposed on a second 
plane (44); 

- said means (24) for amplifying said micro- 
wave signal are disposed on a third plane 
(50); 10 

- said means (18) for phase shifting said mi- 
crowave signal are disposed on a fourth 
plane; 

- said means for attenuating said microwave 
signal are disposed on a fifth plane; 1 5 

- said means (16, 20, 26) for switching said 
means for transmitting, receiving, amplify- 
ing, phase shifting, and attenuating are dis- 
posed on a sixth plane; and 

- said means (40) for controlling said means 20 
(16 - 26) for transmitting, receiving, ampli- 
fying, phase shifting, attenuating and 
switching are disposed on a seventh plane 
(56); 

- wherein said means (16-26, 40) for trans- 25 
mitting, receiving, amplifying, phase shift- 
ing, attenuating,' switching, and controlling 

are electrically interconnected, and wherein 
said first, second, third, fourth, fifth, sixth 
and seventh planes are stacked vertically. 30 



- providing a means (18) for phase shifting 
said microwave signal from said means 
(24) for amplifying; and 

- providing a means (40) for controlling said 
means (18, 24) for amplifying and phase 
shifting, 

characterized by the further steps of: 

- disposing said antenna (28; 44) and said 
means (18, 24, 40) for amplifying, phase 
shifting and controlling on a plurality of 
planes (44 - 60); and 

- stacking said plurality of planes (44 - 60) in 
an overlying relationship. 



1 5. An electronic component for processing a micro- 
wave signal, comprising: 

- an antenna (28; 44) for interfacing said mi- 
crowave signal; 35 

- means (24) for amplifying said microwave 
signal from said antenna (28; 44); 

- means (18) for phase shifting said micro- 
wave signal from said means (24) for ampli- 
fying; and 40 

- means (40) for controlling said microwave 
signal from said means (18) for phase shift- 
ing, 

characterized in that said antenna (28; 44) and 
said means (18, 24, 40) for amplifying, phase 45 
shifting and controlling are disposed on a plural- 
ity of planes (44 - 60) stacked in an overlying re- 
lationship. 

1 6. A method for building a subarray (42; 62) in an ac- so 
tive array used for transmission and reception of 

a microwave signal, said method comprising the 
steps of: 

- providing an antenna (28; 44) for interfacing 
said microwave signal; 55 

- providing a means (24) for amplifying said 
microwave signal from said antenna (28; 
44); 
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